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   Abstract – New Relativistic Alpha Field Theory (RAFT) 

extends GR to the extremally strong gravitational field, 

including Planck scale. In this theory, for spherically symmetric 

Planck mass, the minimal gravitational length (diameter) is 

equal to Planck length. Thus, minimal gravitational radius of 

Planck mass is equal to half of Planck length. The ratio of 

Planck mass and Planck length is constant, Mp/Lp=c2/G. 

Generally, in gravitational field, the ratio of mass M and 

minimal Gravitational length Lg is also constant, M/Lg=c2/G, 

and the same as the ratio of Planck mass and length. This fact is 

employed in this paper for derivation of the connections 

between Planck’s and gravitational parameters. In that sense, 

the Gravitational length, time, energy and temperature are 

presented as the function of the Planck length, time, energy and 

temperature, respectively. This opens possibility for application 

of QFT to the gravitational field. The existence of a minimal 

radius in gravitational field means that no singularity in that 

field. Since the most minimal gravitational radius belongs to the 

minimal mass, the Planck length is not the shortest meaningful 

length in space-time.  

   Index Terms- Planck length, Gravitational length, 

Relativistic Alpha Field Theory (RAFT), extremely strong 

gravitational field. 

I. INTRODUCTION 

   Following GRT  1-5, recently it has been developed a new 

Relativistic Alpha Field Theory (RAFT)  6-10. This theory 

has a capability to extend application of GRT to the 

extremally strong gravitational field, including Planck’s 

scale. In that sense, this theory offers the following 

predictions: a) there exists a minimal gravitational radius at 

rmin=GM/2c2, b) no singularity in a gravitational field, c) there 

exists a repulsive (positive) gravitational force in the region 

GM/2c2< r <GM/ c2, d) at the radius r = GM/ c2 gravitational 

force is equal to zero, e) at radius r > GM/ c2 gravitational 

force is attractive (negative) as we know from experience, f) 

the repulsive gravitational force could be a source of the 

so-called Dark Energy. Following the predictions of RAF 

theory, we can see that the region of the extremally strong 

gravitational field offers some non-expected answers in 

classical GR theory. Meanwhile, it is the consequence of the 

solution of the field equations by including gravitational 

energy-momentum tensor (EMT) on the right side of the field 

equations 11. 

   Following the existence of the minimal gravitational radius, 

in this paper we presented the related connections between 

Planck’s and gravitational parameters. In that sense, we 

introduce some new notions in a gravitational field. At the 

first we introduce the Gravitational length as the function of 
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the Planck length. It follows the Gravitational time as 

function of the Planck time, Gravitational energy as function 

of Planck energy and Gravitational temperature as function of 

Planck temperature. Further, this presentation also opens the 

possibility for application of QFT to the gravitational field. 

Classical approach to quantisation of gravitational field is 

presented in 12. 

   As we know, the Planck’s length, Lp, 13-18  and Planck’s 

mass, Mp, 19-21  are the base units in the system of natural 

units known as Planck’s units that have been developed by 

physicist Max Planck. It is believed that the Planck length is 

the shortest meaningful length as the limiting distance below 

which the regular notions of space and length surcease to 

exist. There is currently no proven physical significance of 

the Planck’s length. Meanwhile, it is theoretically considered 

to be the quantization of space in the quantum gravity theory 

16. In some forms of quantum gravity, the Planck’s length is 

the length scale at which the structure of spacetime becomes 

dominated by quantum effects, and it is impossible to 

determine the difference between two locations less than one 

Planck’ length apart. Any attempt to investigate the possible 

existence of smaller distances, by using higher energy 

collisions, would result in black hole production 15. This is 

the consequence of the vacuum solution of the Einstein’s 

field equations that predicts the singularities in the extremely 

strong field and the existence of the related black holes. 

Therefore, General Relativity Theory (GRT) 1-5 with 

vacuum solution of the Einstein’s field equations cannot be 

applied to the extremely strong field at Planck’s scale. But 

these problems can be satisfactory solved by application 

before mentioned RAF theory 6-10. 

   Following RAF theory, in the section II we introduce the 

Minimal Length Theorem (MLT). This theorem is valid for 

all spherically symmetric bodies (particles) in a gravitational 

field with mass M, including Planck mass Mp. Namely, the 

ratio of mass and its minimal length is equal to the constant 

c2/G. Here c is a speed of light in a vacuum and G is 

gravitational constant. Thus, in this section we used the 

mentioned MLT in derivation of the Gravitational length as a 

function of Planck length. 

   In the section III we present the connection between Planck 

time tp and Gravitational time tg. While Planck time is defined 

as time needed for the light to pass through one Planck length, 

the Gravitational time is the time needed for the light to pass 

through one Gravitational length. This connection gives the 

relation in which Gravitational time is a function of the 

Planck time. 

   In the section IV we derived connection between Planck 

energy Ep end Gravitational energy Eg. As we know, Planck 

energy is in fact mass energy of the Planck mass Ep=Mpc
2. In 

that sense, Gravitational energy is equal to Eg=Mc2. Thus, this 

connection gives the relation in which Gravitational energy is 

a function of the Planck energy. 
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   The connection between Planck temperature Tp and 

Gravitational temperature Tg is presented in the section V. 

While he Planck temperature is defined as the ratio of the 

Planck energy and Boltzmann constant k, the Gravitational 

temperature is defined as the ratio of the Gravitational energy 

and Boltzmann constant k. Thus, this connection gives the 

relation in which Gravitational temperature is a function of 

the Planck temperature. 

   Finally, in the section VI we presented the comparison of 

Planck and Gravitational parameters. In that sense, we put 

together the all of the connections between Planck’s and 

Gravitational parameters. In all connected relations we have 

that Gravitational items (length, time, energy and 

temperature) are proportional to the related Planck’s items 

(length, time, energy and temperature, respectively). Factor of 

proportionality is the ratio of gravitational mass and Planck 

mass (M/Mp). From the mentioned connections we can derive 

very important discoveries:  

   a) For all gravitational masses M less than Planck mass Mp, 

the Gravitational items (length, time, energy and temperature) 

are less than the related Planck’s items (length, time, energy 

and temperature, respectively).  

   b) For all gravitational masses M greater than Planck mass 

Mp, the Gravitational items (length, time, energy and 

temperature) are greater than the related Planck’s items 

(length, time, energy and temperature, respectively).  

   This means that the Planck length is not the smallest length 

in a spacetime as the limiting distance below which any 

regular smaller distance in a gravitational field cannot exist. 

In fact, the smallest length in a spacetime belongs to the 

smallest gravitational mass. As an example, we calculated the 

Gravitational items (length, time, energy and temperature) for 

mass of proton. Since, the proton mass is less then Planck 

mass the all Gravitational items of proton are less than related 

Planck items. On the other hand, we also calculated the 

Gravitational items of the estimated Universe mass, as an 

example for the case where gravitational mass is much 

greater than Planck mass. This confirms the previous 

conclusion for the gravitational masses greater than Planck 

mass. 

   Further, the example with Universe mass maybe will result 

with a very important discovery: between two quantum states 

maybe there exist the transition process 11. For the 

elementary particles this process is too small and can be 

neglected. But for the bigger masses the transition process 

maybe could not be allowed to be neglected. Thus, the 

calculation of the Gravitational time (in the first transition 

process) for the Universe mass showed very large amount of a 

time. 

   Furthermore, the existence of a non-singular rotating black 

hole, presented in 22, could also be one of the consequences 

of the existence of the minimal gravitational radius. In 

23-31 different problems have been considered by applying 

Planck’s parameters (c,ћ,G,Lp,Mp). The mentioned problems 

can also be solved by using maximal radial density in the 

gravitational field, rmax=M/rmin=2c2/G, that has been 

presented in 7. The maximal radial density is the constant 

and the same for all gravitational mass. 

 

 

II. CONNECTIONS BETWEEN PLANCK LENGTH AND MINIMAL 

LENGTH OF GRAVITATIONAL MASS   

    As it is the well-known in physics, the Planck length, 

denoted by Lp, and Planck mass, denoted by Mp, are the units 

of length and mass, respectively, in the system of natural 

units known as Planck units 13,14,18,19,21. To this system 

also belong Planck time tp, Planck energy Ep and Planck 

temperature Tp , derived as related function of Planck length 

and Planck mass.  

   In this section we derived Gravitational length Lg as the 

function of the Planck length. In that sense we introduced a 

new Minimal Length Theorem (MLT). 

   Minimal Length Theorem (MLT). The all spherically 

symmetric bodies (particles) in a gravitational field with mass 

M, including Planck Mass Mp, should satisfies the following 

relation 

  

2

2
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2
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p p min m

min p
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const.
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(1) 

Here Lmin and rm are minimal length and minimal radius of 

mass M, Lp and rp are Planck length and Planck radius of 

Planck mass Mp , c is a speed of light in vacuum and G is 

gravitational constant. Here Lp and rp are also minimal length 

and minimal radius of Planck mass. Further, ρr max is the 

maximal radial density in a gravitational field that is constant 

and is valid for all masses in a space time. This is the 

prediction of RAF theory 6-8. 

  

   Proof of the Minimal Length Theorem. 

   Following recently developed Relativistic Alpha Field 

Theory (RAFT), the solution of the line element ds for the 

gravitational spherically symmetric static field of mass M 

gives the relation 6-8 

2 2
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dr r d r sin d .

   
          

   

    

   

                                                                                           (2) 

Here G is gravitational constant, r is gravitational radius, t is 

coordinate time, c is speed of the light in vacuum, while θ and 

ϕ are related angles of spherically polar coordinates.  

 
   Remarks 1. The field parameters in the line element (2) 

satisfies the Einstein’s field equations 1,2 with a 

cosmological constant  = 0 and generate the related 

gravitational energy-momentum tensor Tη 11. For that 

case, we do not need to add by hand the related 

energy-momentum tensor Tη on the right side of the 

Einstein’s field equations. Thus, in the case of a strong static 

gravitational field, the quadratic term (GM/rc2)2 in (2) 

generates the related gravitational energy-momentum tensor 

Tη .  In the case of a relatively weak static gravitational field, 

like in our solar system, the quadratic term (GM/rc2)2 is too 

small and can be neglected. For that case, the field parameters 

(2)  satisfy the Einstein’s field equations in a vacuum (Tη = 
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0,  = 0), and line element (2) is converted into the related 

vacuum solution   

       

2 2 2
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1 2
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r c r c

dr r d r sin d .

 
     

 

    

   (3) 

Following the solution of the line element (2) one can 

conclude that RAF theory extends GR to the extremely strong 

gravitational field including Planck’s scale. 

   In order to find out the existence of the minimal radius in a 

gravitational field we can start with the line element (2). This 

line element can be rewritten into the following form 

2

2 2 2
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                                                                                       (4) 

It is easy to prove that the line element (4) is regular if the 

following conditions are satisfied: 

    
2 2 2

1 0 1
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r
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      (5) 

From the previous relation we can conclude that there exists 

the minimal gravitational radius mr which still preserves 

regularity of the line element (4) 

                                  
22

m

GM
r .

c
                               (6) 

For the radiuses less than minimal gravitational radius mr  
the 

line element (4) becomes imaginary item.  

   Now, applying of the Planck mass Mp to the relation (6) we 

obtain minimal gravitational radius of the Planck mass 
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As it is well-known, the Planck mass Mp 19-21 and the 

Planck length Lp 13-18 are defined from three fundamental 

physical constants: the speed of light in vacuum c, the 

reduced Planck constant ћ  and the gravitational constant G: 

                       
p p

c G
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3
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c      

             (8) 

Assuming that the Planck mass Mp has spherically symmetric 

form (i.e. Lp is diameter of the Planck mass) and following 

the relations (7) and (8), we can calculate the following 

equality: 
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Thus, the minimal gravitational radius of the Planck mass Mp 

, denoted by rpm, is equal to half of the Planck length Lp. This 

confirms that Planck length is minimal diameter of the Planck 

mass. It could be a physical meaning of the Planck length. 

   Now, assuming that mass M is spherically symmetric body, 

we can introduce Gravitational length Lg as the minimal 

length in a gravitational field, generally: 

                          2
2

g
m g m

L
r L r .                      (10) 

From the previous relations we can derive the following 

equations: 

        
3g
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The relations in (11) presented connection between Planck 

length Lp end minimal gravitational length Lg. If the 

gravitational mass M is equal to Planck’s mass Mp, then 

Gravitational length Lg is equal to the Planck length Lp. Now 

from (11) we can obtain the relation of the MLT (1): 
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           (11a) 

Thus, from the relations in (11a) we obtain relation (1) that 

proves the Minimal Length Theorem in (1).  

   Further, from the previous relations we can conclude that 

the minimal length in gravitational field is proportional to the 

mass. Thus, the most minimal lent in a gravitational field 

belongs to the minimal mass. Since the Planck mass is not the 

minimal mass in space-time, the Planck length is not the 

minimal length in the universe. This is very important 

discovery for the new investigations in physics. The relations 

in (11) can also be employed for quantization of a 

gravitational field by using the Planck length.  

III. CONNECTIONS BETWEEN PLANCK’S TIME AND 

GRAVITATIONAL TIME  

   As we know, Planck time is defined as the time needed for 

the light to pass through one Planck length 

                               
5p

p

L
t G / c .

c
  ћ                      (12) 

Following the relations (11) and (12), we can derive 

definition for the Gravitational time. Thus, the Gravitational 

time is the time needed for the light to pass through one 

Gravitational length  

        
5g p

g p
p p p

L L M M M
t t G / c .

c c M M M
    ћ   (13) 

   The relations in (13) present connection between Planck 

time tp end the Gravitational time tg. If the gravitational mass 

M is equal to Planck mass Mp, then Gravitational time tg is 

equal to the Planck time tp. 

   Further, from the relations in (13), we can conclude that the 

Gravitational time is proportional to the mass. Thus, the 

minimal time in a gravitational field belongs to the minimal 

mass. Since the Planck mass is not the minimal mass in 

space-time, the Planck time is not the minimal time in the 

universe. The relations in (13) can also be employed for 

quantization of a gravitational field by using the Planck time. 
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IV. CONNECTIONS BETWEEN PLANCK ENERGY AND 

GRAVITATIONAL ENERGY  

   The Planck energy is defined as the mass energy of the 

Planck mass: 
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Following the relations in (14), we can derive definition for 

the Gravitational energy. Thus, the Gravitational energy is 

defined as the mass energy of the Gravitational mass:   
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   The relations in (15) presented connection between Planck 

energy Ep end the Gravitational energy Eg. If the gravitational 

mass M is equal to Planck mass Mp, then Gravitational energy 

Eg is equal to the Planck energy Ep.  

   Further, from the relations in (15), we can conclude that the 

Gravitational energy is proportional to the mass. Thus, the 

minimal energy in a gravitational field belongs to the minimal 

mass. Since the Planck mass is not the minimal mass in 

space-time, the Planck energy is not the minimal energy in the 

universe. The relations in (15) can also be employed for 

quantization of a gravitational field by using the Planck 

energy. 

V. CONNECTIONS BETWEEN PLANCK TEMPERATURE AND 

GRAVITATIONAL TEMPERATURE   

   The Planck temperature is defined as the ratio of the Planck 

energy and Boltzmann constant k 
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Following the relation (16), we can derive definition for the 

Gravitational temperature. Thus, the Gravitational 

temperature is the ratio of the Gravitational energy and 

Boltzmann constant k 
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   The relations in (17) presented connection between Planck 

temperature Tp end the Gravitational temperature Tg. If the 

gravitational mass M is equal to Planck mass Mp, then 

Gravitational temperature Tg is equal to the Planck 

temperature Tp.  

   Further, from the relations in (17), we can conclude that the 

Gravitational temperature is proportional to the mass. Thus, 

the minimal temperature in a gravitational field belongs to the 

minimal mass. Since the Planck mass is not the minimal mass 

in space-time, the Planck temperature is not the minimal 

temperature in the space-time. The relations in (17) can also 

be employed for quantization of a gravitational field by using 

the Planck temperature. 

 

VI. COMPARISON OF PLANCK’S AND GRAVITATIONAL 

PARAMETERS 

 

   Following the relations (11,13,15,17) we can put together 

the all of the connections between Planck’s and Gravitational 

parameters. At the first, we have the connections between 

Planck length Lp and Planck time tp with Gravitational length 

Lg and Gravitational time tg: 
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It follows the connections between Planck energy Ep and 

Planck temperature Tp with Gravitational energy Eg and 

Gravitational temperature Tg: 
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From the relations (18) and (19) we can conclude the 

following: The all gravitational parameters can be calculated 

by multiplying the related Planck’s parameters with the ratio 

of gravitational mass and Planck mass (M/Mp). 

   Now we can calculate the applications of previous results to 

the particle proton. The amounts of the Planck’s parameters 

and mass of the proton Mpr 14,19 are given with the 

relations:  
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(20) 

In order to simplify the calculations, we used maximal six 

decimals in (20). Applying (20) to the relations (18) and (19) 

we obtain the following result for the proton: 
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1 242116 10 4 143253 10

1 503215 10 1 088838 10

gpr gpr

gpr gpr

L . m, t . s,

E . J , T . K .

 



   

   
(21) 

   Compare the gravitational parameters of the proton in (21) 

with the related Planck’s parameters in (20) we can obtain 

very important conclusions. At the first, Gravitational length 

of the proton is less than Planck length. This confirms that 

Planck length is not the meaningful minimal length in 

space-time, because the minimal length belongs to the 

minimal mass. Further, the Gravitational time of the proton is 

less than Planck time. This is the consequence of the fact that 
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the Gravitational length of the proton is less than Planck 

length.  

   Generally, following the relations in (20) and (21), we can 

conclude that the all Gravitational parameters for the masses 

less than Planck mass are smaller than the related Planck’s 

parameters. On the contrary, the all Gravitational parameters 

for the masses greater than Planck mass are larger than the 

related Planck’s parameters. 

   Further, we calculated the applications of previous results 

to the Universe. The estimated total mass Mu and radius ru of 

the visible Universe is given here 19: 

                  
53 261 5 10 4 4 10u uM . kg , r . m.            (22) 

Applying Planck’s parameters from (20) and Universe 

parameters from (22) to the relations (18) and (19) we obtain 

the following results for the Universe: 
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(23) 

In order to compare present radius of the Universe (22) with 

its minimal radius (23) we have to consider the radial velocity 

and radial acceleration of the universe expansion 9:  
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Here κ is the energy conservation constant. At the moment we 

do not know exactly amount of this constant. But we know 

that this constant is close to unity bat little bit less than unity. 

In this presentation we will assume that κ=1. In that case the 

first relation in (24) is simplified:  
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   At the minimal gravitational radius, the Universe velocity 

and acceleration have the following amounts: 
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2
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GM c
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              (26) 

Thus, at the minimal gravitational radius radial velocity is 

equal to zero, and radial acceleration is positive (repulsive). 

This is the necessary condition for starting with accelerated 

expansion. 

   At the radius rc=GM/c2, the Universe velocity and 

acceleration have the amounts: 

                   
2

0
maxc c c

GM
r r c r , r .

c
               (27) 

Thus, at the gravitational radius rc, radial velocity is maximal, 

and radial acceleration is equal to zero. For radius greater 

than rc, the radial velocity is less than c and the radial 

acceleration becomes negative (attractive). This is the 

necessary condition for starting with further expansion, but 

now with deceleration. 

   From observation of the visible Universe, we know that 

present expansion velocity is less then c and the Universe 

expansion is with the related acceleration. This means that 

present radius of the Universe rp should be between minimal 

radius rmin and radius rc: 
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Since the observed expansion velocity is close to c, we can 

conclude that present Universe radius should be close to Lgu. 

Thus, if the observed Universe mass is correct, then the 

calculated present universe radius (28) is about four times 

less than observed radius (22).  

   In the opposite case, if the observed Universe radius is 

correct, then the present universe mass can be calculated as 

follow: 
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  (29)   

Thus, the calculated Universe mass is about eight times 

greater than observed Universe mass.  

VII. CONCLUSION 

   Following Relativistic Alpha Field Theory (RAFT), that 

extends GR to the extremally strong gravitational field, we 

elaborated the possibility of the connections between 

Planck’s and gravitational parameters. In that sense, the 

Gravitational length, time, energy and temperature are 

presented as the function of the Planck’s length, time, energy 

and temperature, respectively. This also opens possibility for 

application of QFT to the gravitational field. The previous 

conclusion is the consequence of the existence of a minimal 

radius in gravitational field predicted by RAF theory. This 

also means that no singularity in a gravitational field. It is 

because at the minimal gravitational radius maximal radial 

density is equal to M/r=c2/2G, the gravitation acceleration is 

positive, gravitational velocity is equal to zero and a 

gravitational force becomes repulsive. Thus, at the minimal 

gravitational radius we have the satisfactory conditions for 

starting with repulsive expansion. 
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